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BRI PARAMAEMOLYTICUS [N-

fection is wsually associated

with ealing raw or under-

eooked shellfish, paricu-

Larly oysters, Although V parahaemo.
brticus is the leading cause of Vibrio-
assoclaved gastroenteritis in the Unived
States, ™ outbreaks have rarely been re-
[:h:lrll:ﬂ before 1907 * 10 .A.via.,p;rl‘im-
Larly in Japan and Taiwan, V parakae-
molyticus infections are commonly
reported. Many recent V parahasmo.
{eticus infectlons in Asia have been
caused by serotype O3 KA, * The our-
break described herein, which was
caused by contaminated raw oysters in-
gested during lave May, June, and eacly
July 1998, was one of the largest V para-
haemolyticus cutbreaks ever reported.
Strategies in the United States to pre-
vent illness caused by contaminated
shellfish include water quality monitor-
ing and specifie bacteriologic monitor-
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Context In May and June 15998, reported Vikrio parahaemolyticus infections in-
creased shanply in Texas,

Objectlve To determine factors that contsibuted to the increase inV parahaemo-
iydicws infections.

Dasign, Setting, and Participants Cross-sectional survey of persons reporting gas-
lmeglenﬁs after eating seafood in Texas; survey of environmental conditions in Galves-
ton Bay.

Maln Outcome Measures Traceback of oysters, water quality measures in har-
west areas, presence of V parahaemolyticus in stool cultures; comparison of median
values fer environmental conditions befare and during the outbreak compared with
during the previows 5 years.

Results Between May 31 and July 10, 1998, 416 persons in 13 states reported hav-
Ing gastroentertis after eating oysters harvested from Galveston Bay. All 28 available
stoal specimens from affected persons yieldedV parabaemolyticus serotype O3:K6
tsolates. Oyster beds met current bactenslogic standards during harvest and fecal co-
liform counts in water samples were within acceptable limits. Median water tempera-
ture and salinity during May and June 1998 were 30,0°C and 29,6 parts per thousand
(ppt) compared with 28.9°C and 15.6 ppt for the previous 5 years £<2,001).

Concluslons This is the first reported outbreak ofV parahaemalyticusserotype O3:K6

infection in the United States. The emergence of & vinulent pe and ehevated sea-
water temperatures and salinity levels may have contributed to this large multistate out-
break of V parahaemalyficus. Bacterlologic moniloring at harvest sites did not prevent
this sutbreak, suggesting that cument policy and regulations regarding the safety of raw
SRS require reevaluation. Consurmers and physicians should understand that raw o
undercooked oysters can cause illness even it harvested from monitored beds. In pa-
tients wiho develop acute gastroenteritis within 4 days of consuming raw or under-
cooked oysters, a slool specimen should be tested fotvibrio spedies using specific media.
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ing. In 1973, following several food-  wvestgites for fecal coliforms ta detect con-

borne disease outbreaks, including
typhoid fever, that were caused by con-
taminated shellfish, the Mational Shell-
fish Sandrarion Frogram created the In-
terstate Shellfish Sanitation Conference
to improve the safety of shellfish. The 1n-
terstate Shellfish Sanitation Conference
then insthrured regulations requiring
esearitoring ol water quality atoyster har-

tamination with humsan sewage.
Although such monitoring may be
usciul for the prevention of typhoid fe-
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VIBRIO FARAHAEMOLYTICUSIN RAW OYSTERS

ver, it is net helpful for the prevention
of Vibrio infections becavse V parahae-
molyticus and other Vibrio species are
natural inhabitanes of coastal waters
globally, and their presence or ab-
senee i independent of human sew-
age. Repulations of the US Food and
Drrug Administration therelore re-
quire additional specific bacteriolegic

menitoring for V parahaemolyticus in
shellfish, with a requirement thac shell-
fich have less than 10000 V parakae-
malylicus organisms per grant of meat.
I several recent instances, however,
outhreaks occurred even though no
oyster samples yielded more than
10000 organisms per gram.** These
outhreaks highlight the inadequacy of
this strategy to protect public health,

METHODS
Cutbreak

In mid-June 1998, the Texas Depart-
ment of Health was novified of several
apparent outbreaks of acute gastroen-
etk amaong patrons of several sea-
foad restaurants, When interviewsed,
those patrons reported eating raw oys-
iers before becoming ill, Stool cul-
wures from ill patrons yielded ¥ para-
haemodyticus, Traceback of oysters esten
by affected persons indicated chat the
oysters were harvested from Galves-
ton Bay. The Texas Depariment of
Health notified the public of the aur-
break and established a woll-free rele-
phone hotline for the public w report
acute gastroenteritks following shell-
fish consumption.

Epidemiologic Investigation

1l persons who called the hotline ora
health department wers interviewed us-
ing a standardized questionnaire con-
cerning clinical history and symp-
toms and seafood consumption, 1f the
affecred person ate seafood ata restan-
rant, their dining companions were
identifisd. We randomly selecred 2 res.
taurant cohorts for intensive investi-
gation from the list of reported events
in which an least 10 people had eaten
at the restaurant and at least 1 had be-
come fL Attendees of these evens were
interviewed about food llems eaten and
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possible subsequent gastrointestinal
symptoms. Data from the 2 restanrant
cohorts were combined and analyzed
as 1 echort because they had similar
seafood exposures. For this cohort
analysis, a case was defined as onset of
diarrhea (=3 loose stools during 2 24-
hour period) within 24 hours of the
EVERL

Enviranmantal Investigation

Ohysters eaten by ill persons were traced
tor their respective harvest site by means
of tags and dealer records. Oyster har-
viesters were interviewed and their re-
cords, including refrigeration records,
were reviewed, The Texas Depart-
ment of Health Sealood Safety Divi-
sion operates 76 environmental moni-
woring stations in the oyster harvesting
ares in Galveston Bay. Water tempera-
ture, salinity, and fecal colifarm levels
are Toutinely recorded weekly to
monthly. For a histerical comparison,
data collected before and during the
outbreak were compared with data col-
lected during the previous 5 years,

Laboratory Investigation
Clinical laborateries performed pri.
mary isolation of V pardhaemolyticus
from human blood or stool speci-
mens. lsolates were forwarded 1o the
Texas Department of Health for con-
firmation and molecular subtyping, in-
cluding pulsed-field gel electrophore.
sis (PFGE)L? Vibrip parchasmalylicus
isolates were compared by PFGE with
isolates collected from persons af-
fected by recent outbreaks in Asta. Ges
nomic DNA of V parahasmalyticus was
digested using 1 restriction enzyme
[(Motl). Lsolates were serotyped” and
tested for vimalence markers (thermo-
stable direct hemolysin and thermo-
stable direct-related hemahysin genes)
using polymerase chain reaction. ®
Chyster samples collected berwesn
June and August 1998 from Galveston
Bay were processed for V parcharmo-
Iyticus bacterial counts and enumer-
ated using the multiple-tube fermen-
tation method. Samples consksted af LO
1o 12 oysters (about 100 g) that were
collected from 42 harvest sites.

The broth used for multiple-tube fer-
mentation was alkaline peplone water
and the suspected cultures were
sireaked onto thicsullate—citrate—bile
salis-sucrose (TCBS) agar. Enuemer-
ated bacterial counts were reported us-
ing the most probable number (MPN)
index. Vibria Fdrdhn::mn!ytin:us ign-
kxtes [rom humans and oysters were also
compared by PFGE.

Statistical Analysis

Diata were entered and ;J.lial}':zd lu;ing
Epi Info Verston 6.0F solbware (Cen-
ters for Disease Control and Preven-
tion, Atlanta, Ga) and SAS Verslon 6.12
[5AS5 Institute Inc, Cary, MC). The Wil
coxon test was used o compare medi-
ans, and interquartile mnges (IQRs) were
generated for environmental data. Rela-
tive risks (RRs) and 95% confidence in-
tervaks (CLs) were caleulsted Bor mw oys-
ter exposure in the cohort. Statistical
sipnificance wat defined as P<05.

RESULTS
Outhreak

There were 206 Texas residents who re-
ported onset of diarrhea within 24
hours of eating seafood berween May
31 and July 10 (FIGURE). The median
age of affecied persons was 42 years;
5%% were male; 93% reporied eating
raw oysters before their onset of gas-
trointestinal illness; and 98% reported
eating raw or undercooked oysters from
either & resuaurant or an oyster bar,
Symptoms in addition to diarrhea in-
cluded abdominal cramping (92%),
nausea (66%), headache (51%), fever
(46%), vomiting (42%), and bloody di-
archea (9%). The median duration of
illness was 5 days {range, 1-30 days).
A 51-year-old man whose illness lasted
30 days was hospiialized with bloody
diarrhea. Filteen PETSONS WETE h.:l-_-'.pj-
talized and no deaths were reparted.
Three hospitalized patients who had
caten raw oysters were excluded from
the case count because their incuba-
tion periods were longer than 24 hours.

An additional 120 V parahaemolyti-
cus infections assoctated with Galves-
ton Bay ovsters were reported from 12
other suates {Calilornia, Florida, Geor-
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giz, Oklahoma, Tennessee, Colorado,
Virginia, Alabama, Kentucky, Massa-
chusews, New Jersey, and Missourt),

with dates of illness onset of June 7
through July 4, 1998,

Epidemiclagic Investigation

Weinterviewed 29 (64%]) of the 45 per-
sons in the 2 restaurant cohons. Nine
(75%) of the 12 respondents who con-
sumed raw oyseers hecame il com-
pared with none of the 17 respon-
dents who had not eaten raw aysters
[ER, undefined; P=001). The me-
dian number of oysters eaten by both
ill and well persons in these cohorts was
3; 1 person became L after consume
ing only 1 oystee. Eight (B9%:) of @ per-
sons who became ill reported having no
unederlying health conditions.

Envirenmental Investigation

Traceback information was obuined for
oysters that were consumed by 101 il
persons in Texas and other siates. These
harvest sites were widely distributed
throughout Galveston Bay, The me-
dian time from harvest to refrigera-
lion was 5.5 hours (range, 1.5-11.2
hours), Texas repuladon allows for a
maximum tme of 10 hours bebween
ovster harvest o refrigeration. Oys-
ters were distriboted through a com-
plex system to retailers in an least 13
states, Harvesters sold approxicmately
1.5 million oysters from Galveston Bay
during the outhreak period. Since the
median number of oysters eaten dur-
ing this investigation was 5 and the at-
tack rate was 75%, we estimate that up
to 30D 00) persons may have been ex-
pased and moare than 200 (i) persons
may have become il
Environmental data at the T se-
lected mondtoring sites in Galveston Bay
showed significantly higher median wa-
ter temiperaiuee and salinity during May
and June 1998 compared with data from
the 5 previous years for the same
pronths. In 19498, measutements were
A0°C (IQR, 27.2°C-30.0°C) and 29.6
parts per thousand (ppt) (IQR, 15.2-
29,6 ppt) compared with 28.9°C (IQR,
22 7°C-3000°C) and 156 ppe (IQR, 1.3«
17.0 ppt) for the previous 3 years

DL American Medical Association. AID rights resesved,
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Figurea. Vibio prrabacmalytious Infections Reported in Texas, by Date of Wness Orsed,
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(P2 001). Fecal coliform counts were
within regulatory limits before, due-
ing, and after the implicated oysters
were hareested.

Laboratory Results

There were 37 culture-confirmed V
parahaemalyricus infections (includ-
ing 1 bloodsiream infection) in Texas
and 78 culture-confirmed infections re-
ported from 12 other states. Each of the
2B clinical isolates tested at the Cen-
ters for Disease Control and Preven-
tion were V parahaemolylicus serotype
O KA These lsolates were found to
possess the thermostable direct hemo-
Iysin gene using polymerase chain re-
action. Thirty-one (97%) of the 32 clini-
cal ¥ parahaemolyticus isolates from
patients in Texas were indistinguish-
able from exch ather by PFGE but were
distinguishable from other historical V¥
paraharmalyticus strains. Galveston Bay
and Asian V pardhaemalyticus O3:K6
straing showed distinct but closely re-
lated patterns (differing by 1 or 2 bands)
by PFGE

Orysters [rom harvest sites con-
tained V pardhaemolyticus at 2 median
MPM af 15 organisms per gram of ovs-
rer meat (range, 3-46000 in the weeks
following the outbreak. These oyster
isolates had multiple FEFGE patterns,
but none of the oyster isolates har-

vested [rom sites in Galveston Bay had
a PFGE pattern that matched the out-
break PFGE pavtern.

COMMENT

This large multistate owthreak of V para-
hasmalyticus infections was associared
with consumption of raw oysters har-
vested from approved beds in Galves-
ton Bay, which were in compliance with
current shelllish regulations, Current
Mational Shellfish Sanitation Program
monitoring of oyster beds uses fecal co-
liform testing,"™ which is irrelevant for
detecting Vibrio'" species and insen-
sitive as an indicator for enteric vi-
ruses U1 Since the infective dose of ¥
parakaemsdyticus has been thought o be
107 1o 107 viable cells ingested, the
United States allows the sale of oysiers
if there are less than 10000 MPN of ¥
parahaemalyticus per gram of oyster
meat. However, during the weeks im-
mediately following the outbreak, the
median MPM of organisms found was 15
per gram of oyster meat, considersbly
lower than the 10000-MPN/g thresh-
old. Carrent policy regarding the safety
of raw oysters requires reevaluation, Tt
is possible that V parchaemoelyticus lev-
els may have been higher during the ac-
tual outbreak period, although cli-
matic conditlons were similar and it
seems unlikely that bacterial counts
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would have changed significantly over
such a shott period.

Clinical Features, Diagnosls,

and Treatmant

The clinical features of illness ob-
served during this outhreak were gen.
erally consistent with those of previ-
ously reported V parahacmolyticus
fastroenteritis infections: a median in-.
cubation period of 17 hours (range,
4-00) kours) and a median duration of
illness of & days have been Teported
Mevertheless, the fact that 15 paclenes
in Texas were hospitalized for severe
dehydration or bloody diarrhea sug-
Rests that only the most severs cases
came o public health agtention , which
may have caused 2 reporting bias 1o-
ward more severe cases, The high ill-
ness rate obderved among exposed pet-
soms in the testawrant cohors in this
study {T5% compared with a median ill-
ness rate of 56% in other V parahaemo-
Iyticus outbreaks)™ is a distiner fea-
re of this outhreak and suggesis that
V parahaemelyticus O3:ES is more ef-
ficient in cansing illness.

Transmission of Vikria infections oc-
curs primarily through consumption of
raw or undercooked shellfish or by ex-
posare of wounds o warm seawater.?
The most comman clinical presenta-
tion of Vibrip infection is self-limined
gastn:urnteﬁlis {59%), bt wound in-
fections (34%), primary septicemia
(3%, and other infection sites (29%)
may also occur with these argan.
isms."* Persons who are immunocom-
premised or who have liver disease are
at particular high risk for severe Vib-
rio infections and should be wamed 1o
avold consumption of raw or under-
cooked shellfish. '

In patients who develop acue gastro-
enteritis within 4 days of consuming rw
or undercooked shellfish, a stool speci-
men should be tested for Vibrie species
using specific medta such as TCRS agar,
[solation of Vibria from stool is greatly
enhanced 1]'tn.1ugl'| use of TCBS "7 3 ge-
lective medium for culturing Vibria,

Vibrio parchaemelylicues strains that
CHLEE FASACEN Leritis are usualby suscep-
uble 1 antimicrobial agents roatinely
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used to treat enteric infections, al-
though most cases of gastroenteritis cin
effectively be treated with omal rehydra-
tionalone, Wound and septicemia cases,
however, should be treated similarly w
Vibrio vulnificus infections, with eefia-
zidime and doxycycline or doxycy-
cline in combination with ciprofloxa-
cin or an aminaghvooside.

Environmental Factors

Before this outbreak, ¥ parakaemalyti-
cus serotype O3 K6 had not been pre-
viously reported in the United States.
It appears that O%: Kb has eciablished
an ecological nilehe in Asia The O%:HG
clone has been described as similar to
other pathogenic V paraheemolytous
straing with regard to known viru-
lence factors and antimicrobial suscep-
tibility." Although it has been sug-
gested that the new clone may be better
i persisting in the environment and es-
tablishing infection, ** further studies are
needed to confinm these hypotheses. [t
is also noteworthy thar all of the cases
identified during this outhreak were se-
retype O3:K6, but none of the oysters
from a large environmental sample
matched the outhreak strain using
PEGE. In previons surveys, more than
95% of V parahaemelyticus strains iso-
lated from stool cultures had idend-
fied virulence factors, while less than
1% of sirains from the environmental
sarnple had these factors,™ The reason
[or this discrepancy in vindlence be-
tween human and environmental iso-
lates is unknown. However, these sur-
vieys have shown that the majoricy of
V parghasmalyticus found in the ma-
rine environment and in food 1s non-
pathogenic, which may make it more
difficult to isolate ouwtbreak straing.

Tt iis not knovwm how the 03:E6 strain
emerged in Galvesion Bay. However, bal-
last warer from cargo ships entering the
Gulf of Mexico is thoughs to be respon-
sible for the inweduction of the Latin
American epidemic strain Vibrio chol-
erae serogroup Ol in Gulf Coast waters
in 1991.* After emergence of seratype
O3S, unusually elevated water tem-
peratures and salinity levels likely pro-

vided a favorable environment for mul-

tiplication and dissemination of the
organism. Elevated seawater tempera-
tures during El Nisie years (including
1998) have been shown to influence the
incidence of Vcholerae™ and other diar-
rheal diseases ™ and may also explain this
outbreak of V parahaemoelybicus infec-
tions. A review of Viulnificus infections
found that B9% of oysters that cansed
these infections were harvested in waters
with a ternperature warmer than 2350, =
Since Vibrie infections are seasonal,
restriction of harvesting during warmer
months may reduce infections.

Lack of continuous refrigeration of
oysters fromm harvest w condumption also
rfy hiave contributed 1o this cuthreak,
The doubling time of V parahaemolyti-
cu 3L ambient temperatures is as short
a5 B 10 % minutes (one of the fastest grow-
ing times known for bacteria). There-
fore, oysters contaminated with only o
small number of V parghaemalyicus or-
ganisms can reach an infectious dose in
only a few howurs. During this cwtbreak:,
the median time from harvest wo refrig-
cration was 5.5 hours. All harvesting
beats have to retum to shore before they
are able toice or refrigerate ovsters, Thus,
oysters left on the decks of harvesting
boats even for shot periods 4t warm tem-
peratures can lead 1o rapid prolifers-
tion of V parahaemolylicus 1o infectious
levels, Requiring that ke be available on
harvesting boats for immediate cooling
of evsters would reduce multiplicadon
of V parakaemolyticus in ovsiers and
thereby prevent illness.

Prevention

Wibrio parahaemolyticus prevention strat-
egies should be based on environmen-
tal trigger points, sampling schemes,
public education, and the use of new
technologies (eg, pasteurization or ir-
radiation) to reduce oF eliminate con-
tarmination. Public health departments
should continue their vigilance and en-
hance Vibrio surveillance by making Vib-
rio isolations and infections reportable.
Wi encourage tracebacks on all oys-
ters linked to human eases of ¥ vulnifi-
cus or V parakaemolyticus infection and
specific linkage to environmental con-
ditions in waters at the tme of harvest,

DT American Medieal Azgaciziios, All rights reserved.



In the meantime, consumers should
thoroughly cock oysters and avoid eat-
ing raw or undercooked oysters, par-
ticularly in the warmer months, Wam-
ing labels on oyster products and
TestAnRAnL mens mary help educate con-
sumners. Through a combinasion of all
these effans, further outhreaks may be
prevented,
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LETTEES

CORRECTIONS

Acknowiedpment Oshiilon In $he Criginal Condribution erfitled “Emergemee
&f & Mew Vibnio parabssmofytions Seralypn in Baw (hysien™ published in the Sep-
testber X¥, H00, mroe of Tme Jousra, ackaveded groents wers pmitted. The aus
thoes wish 1o thard the Gabverinn Coonty Health Departsent, Houilon ity Meath
and Human Senvoes, Harrt Coarfy Health Department, Austn Departzent of Heath
and Huoman Services Hesth: Diilrict, the Dallas County Health Departsesnd, and
wther ifain and local Fealsh department pessanns lor the vtal assistance and s
wveillarde thad thews smbies provided.

Incoreect Wiord: ln the Grand Poseds antifed = Oinical Features of and Recent
Adhvaraoes in Theerigy dor Fabey Divease™ publiched in the Decemier 5, 2000, K-
s of THE Meimreas (000 2B 3T -2775), 3 word was changed incomectly. Om
papE JT74, in B thind colusen, middle of the fird paragraph, the sentencs that
be girri =By brmailin clegranoe™ shoubd havve resd “Plean inudin cearance,”

T write an article af any sort i%, 10 some extent, to
reveal ourselves, Hence, even a medical article is, in
A sense, something of an autobiography.

—. Chalmers Da Cosa {1863-1933)

EI00] Amenican Medics] Asmociation. All rights reserved.

(Repricked] LAMA, Jarmary 10, 200L—%al 285, Me, 2 168



